ABSTRACT E ective socialization of new contributors is vital for the long-term sustainability of open collaboration projects. Previous research has identi ed many common barriers to participation. However, few interventions employed to increase newcomer retention over the long term by improving aspects of the onboarding experience have demonstrated success.
INTRODUCTION
Open online collaborations can only thrive if they are able to recruit a steady stream of newcomers to replace the people who stop contributing. New contributors to open collaboration projects like Wikipedia and open source so ware face both social and technical barriers that make it di cult for them to learn how to participate productively, and discourage them from doing so [11, 28, 31] .
e sociotechnical nature of these barriers make it di cult to design interventions to fully and e ectively socialize newcomers. Mechanisms for new contributor onboarding on a large, mature open collaboration like English Wikipedia 1 must take into account Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for pro t or commercial advantage and that copies bear this notice and the full citation on the rst page. Copyrights for third-party components of this work must be honored. For all other uses, contact the owner/author(s). OpenSym '18, Paris, France © 2018 Copyright held by the owner/author(s). 978-1-4503-5936-8/18/08. . . $15.00 DOI: 10.1145/3233391.3233544 both the technical challenges that newcomers face (e.g., learning the markup syntax used to format articles), and the social challenges (e.g., navigating a complex bureaucracy of wri en and unwri en rules [2, 18] ). In addition, new Wikipedia editors o en face mistrust and even outright hostility from more experienced editors who view their inexperience and unknown motivations as a threat to the quality of Wikipedia, and who have embedded these assumptions into the tools they use to interact with newcomers [12] . Finally, the voluntary and transient nature of contribution to open collaborations requires that mechanisms for new editor socialization scale well to accommodate a high volume of potential new long-term contributors, even if only a relatively small number of those new arrivals are likely to stick around [7] .
Wikipedia editors and the Wikimedia Foundation have tried a variety of approaches to address the problem of new editor socialization and retention over the past 15 years.
e pace of experimentation around new editor onboarding has accelerated since 2009, when researchers rst identi ed a decline in the population of active contributors, which had grown exponentially until 2007 [30] .
is editor decline has been shown to be due in part to a steady increase in hostility towards good faith newcomers-those who join Wikipedia to contribute productively, not vandalize-over time, which led to a concomitant decrease in the rate at which good faith new editors were retained as long-term contributors [11] .
Approaches to onboarding have ranged from the purely social (e.g. individual mentorship of newcomers by patient Wikipedia veterans) to purely technical (e.g. so ware features intended to automate aspects of the socialization process without direct human intervention). So far, neither purely social or purely technical e orts have been shown to be e ective at providing e ective socialization at a scale that leads to a substantial increase in the number of new editors who go on to become Wikipedians.
In this paper, we summarize the state of research and design around new editor socialization on Wikipedia, and analyze one of the most potentially impactful retention mechanisms that has been a empted, a new editor support forum called the Teahouse. We perform the rst controlled study to determine the impact of being invited to the Teahouse on a new editor's likelihood of continued contribution over the short and long term. We show that new editors who are invited to the Teahouse are signi cantly more likely to continue contributing a er three weeks, two months, and six months than a similar cohort who were not invited.
To our knowledge, this is the rst time any intervention has shown positive impact on Wikipedia editor retention in a controlled study. We discuss the implications of our ndings for both the design and evaluation of sociotechnical onboarding interventions, and identify speci c areas for further research and development.
BACKGROUND
Many researchers have examined the challenges associated with newcomer socialization across a range of online communities, include Usenet newsgroups [3] , social news websites [14] , online forums [26] , scienti c collaborations [1] , and open source so ware projects [6] .
While gaining new contributors is vital to long-term community health, it can be a source of friction in the short term. Newcomers frequently and unintentionally violate community norms, disrupt community activities, all of which can reduce existing community members' motivation to participate [14] . A large in ux of newcomers into Usenet newsgroups in the early 1990s prompted existing community members to complain that their community was now experiencing an "Eternal September" 2 , a reference to the annual increase in new registrations that usually came at the beginning of the North American academic year. Wikipedia's own "Eternal September" began around 2006, as increasing visibility of Wikipedia led to an exponential increase in new editors who were eager to contribute to the still relatively young encyclopedia, as well as an increasing number of 'vandals' who wanted to disrupt or co-opt Wikipedia.
Community socialization strategies
In response to this in ux, the Wikipedia community overall became less willing to discriminate between well-intentioned newbie mistakes and authentic vandalism. Editors who monitored new contributors and contributions chose to focus their e orts on maintaining the quality of the encyclopedia at the cost of long term health and sustainability. As a result, Wikipedia began to experience a decline in new editor retention that shrunk the community even as the number of articles that required monitoring and maintenance continued to grow [11] .
New quality control technologies developed by Wikipedia community members, such as autonomous anti-vandalism bots and specialized user interfaces for e ciently reviewing and reverting incoming edits and new articles, were highly e ective at minimizing potential damage by prioritizing recall and speed over precision and care [12] . However, community-driven approaches to socializing this in ux of newcomers were less e ective. Generic warning messages delivered-o en by bots-to new editors whose contributions were rejected did not dissuade vandals, but did dissuade good faith newcomers [9] . Generic welcome messages-long lists of links to policies, how-tos, and help documentation-delivered the same way were equally ine ective [34] .
Social programs such as Adopt-a-User [19] and invitations to join wikiprojects [4] provided more personalized socialization opportunities. Although these purely social initiatives showed some promise, they required a substantial level of individual e ort to maintain, and could therefore only be made available to a relatively small number of relative newcomers-generally, to those who were already highly likely to be retained because they had overcome many of the initial social and technical barriers and demonstrated a willingness to continue editing for several weeks or months [21] . 2 h ps://en.wikipedia.org/wiki/Eternal September
Wikimedia Foundation interventions
Starting in 2011, the Wikimedia Foundation began to perform its own research and development activities focused on understanding and addressing the causes of new editor a rition 3 .
In April of 2012, the Wikimedia Foundation formed the Growth Team 4 , a product development team that was speci cally tasked with addressing the decline in newcomer retention through intervention and experimentation on top of the MediaWiki platform.
ey documented their intentions, methods, and results in a series of white papers published on the Wikimedia Meta-wiki. In their experiments, they focused on minor changes to the so ware that might support motivation or task routing for new editors. For example, they experimented with reporting milestones to new editors (e.g. "You've saved your 10th edit!") [22] , they experimented with making the account creation process easier [32] , and they experimented with providing new editors with in-context editing instructions and task suggestions [10] . While the team experimented with a variety of strategies (task routing, in-context help, motivational, etc.) and points of intervention (editing anonymously, registration process, immediately post-registration, etc.), no study showed a signi cant e ect new editor retention rates.
By October of 2014, the newcomer intervention experimentation e orts were abandoned and the members of the Growth Team were reassigned to other work in the organization. While the Growth team's exploration was not exhaustive, it shows a clear indication that a large set of obvious, technical interventions are ine ective in addressing Wikipedia's newcomer retention issues. is suggests that the Wikipedia's newcomer retention is di cult to solve and that the solution might not lay in the space of naive user-interface interventions.
Other Wikimedia Foundation experiments in socialization combined both technological and social components to facilitate newcomer socialization on a large scale while preserving a degree of personalization and addressing a broader set of socialization challenges.
e MoodBar tool combined a UI widget through which new editors could request in-context help and a feed interface to help experienced editors triage and respond to a large number of incoming help requests. An evaluation of MoodBar suggested a small but consistent increase in retention between editors who were provided with the intervention and users who were not [5] . However, because the treatment and control groups were collected at two di erent time periods, it was not possible to determine whether the e ect shown was due to the intervention, or to exogenous factors (e.g. seasonal variations). Experiments with more personalized welcome and warning messages to new editors demonstrated that changing the style of a message could have short-term impacts on subsequent activities, but similarly failed to show any reliable, positive e ects on retention [9] .
In 2013, Wikimedia developed and piloted e Wikipedia Adventure a gami ed new editor training system. Although fully automated, the Wikipedia Adventure was designed to provide both comprehensive socialization and an impression of personalization through the use of self-guided interactive tutorials, realistic training scenarios, levels and badges, and a light, playful tone. Although the Wikipedia Adventure was widely used and rated favorably by the editors who played along, a controlled study of the system did not show any long-term impact [20] .
e evaluation of the Wikipedia Adventure is notable because it was the rst study of new editor onboarding on Wikipedia to combine an analysis of long-term retention impacts with a randomized controlled study design-a model we follow in our current study.
e only other major newcomer socialization intervention developed by the Wikimedia Foundation, the Wikipedia Teahouse, was created in 2012 and is the focus on the current study. e Teahouse combined social and technical components to provide comprehensive socialization on a large scale, and was designed to promote long-term retention.
e Wikipedia Teahouse
e Teahouse is a space on Wikipedia designed for new editors, called guests, and sta ed by experienced editors, called hosts. e Teahouse contains a Q&A forum where guests can ask questions, and display board where guests can post personal pro les to introduce themselves to the Wikipedia community and view the pro les of other guests and hosts. See Morgan et al. [17] for a more complete description of the Teahouse.
Like MoodBar and e Wikipedia Adventure, the Teahouse was widely used and received positive reviews [16] . Within the rst six months, over 1000 new editors had asked questions or created pro les. A preliminary investigation of the impact of Teahouse participation on subsequent editing activity during the rst six months performed by Morgan et al [17] showed that, on average, Teahouse guests made more edits to more articles and edited two weeks longer than invitees who chose not to participate.
Although these ndings on participant engagement, satisfaction, and subsequent editing activity provide compelling evidence that the Teahouse has the potential to be an e ective mechanism for new editor socialization, the design of the retention analysis performed by Morgan et al. was not adequate to determine a causal e ect of the Teahouse on retention. e study compared the subsequent editing behavior of invitees who participated in the Teahouse with invitees who did not. It is likely that some invitees who did not visit the Teahouse had already le Wikipedia due to boredom or frustration before they received an invite, and therefore did not have the opportunity to avail themselves of the Teahouse. Furthermore, the study design contains a self-selection bias: invited editors made a conscious decision to undergo the 'treatment', and were therefore likely more intrinsically motivated to continue editing than those who declined the invitation.
A di erent approach is necessary in order to evaluate whether the Teahouse has a positive impact on long-term new editor retention. Fortunately, such an experiment is possible, even many years later, because unlike the Wikimedia Foundation's other onboarding interventions, the Teahouse was never disbanded or discontinued. Although Wikimedia Foundation sta and contractors led the design and launch of the Teahouse, the forum itself is run by volunteers. e relatively minimal technical requirements of the Teahouse-a bot to send invites and update pages and a Javascript UI widget to make it easier for newcomers to ask and answer questionswere designed to be easily maintained by volunteers without Wikimedia Foundation support or oversight. As a result, the Teahouse has been active for more than 6 years. As of December 2015, over 8,000 new editors had participated.
is
H1: Compared to a control group, new editors who receive a Teahouse invite are more likely be retained than those who are not.
Onboarding interventions may have di erential impacts on shortand long-term retention; a system is focused on helping newcomers overcome initial technical hurdles may help these new editors achieve their immediate goals, but not provide the breadth or depth of support necessary for promoting long-term retention. Previous research suggests that individuals who are still contribution a er two months are very likely to continue participating for many more months or even years [21] . Because the Teahouse is intended to provide new editors with socialization and support on an ongoing, as-needed basis across a wide variety of topics, we measure retention at several intervals: a er 3-4 weeks, 1-2 month, and 2-6 months.
As is the case with other open collaboration systems, the participation rate of both new and established Wikipedia editors is highly variable [33] . Some regular contributors average hundreds, or even thousands of edits per month, while others contribute at a consistent, but much lower, rate. Furthermore, an individual editor's participation rate may vary month-to-month. In order to measure retention of both lower and higher-volume contributors, we measure survival with both 1 and 5 edits per interval.
METHODS
While we wanted to understand the e ect that the Teahouse has on new editor retention in Wikipedia, we couldn't fairly compare editors who took advantage of the Teahouse with those who would have had they been invited. We realized that the only point of intervention that we had control over was point at which editors were invited to the Teahouse. Given that there are no direct links to the Teahouse from articles and few direct links from article discussion pages (the pages newcomers are most likely to visit), it is unlikely that a new editor would nd the Teahouse on their own through browsing. us an invitation to the Teahouse represents a clear experimental intervention and a non-invitation represents a control. By using these two conditions for comparison, we're e ectively exploring the e ect of the invitation with the implication that the greatest value to the newcomer experience happens a er a newcomer follows the invitation and learns about the Teahouse. For this study, we split the group of editors who would have normally been sent an invitation into an experimental group (invited) and a control group (noted, but not invited). A small subset of Teahouse invitations are also posted manually by human editors. We excluded newcomers who had received a manual invitation from our analysis.
During the 71 days between October 20, 2014 and January 12, 2015 we sampled users into the control and experimental groups. In each day of the sampling period, 50 editors who met HostBot's criteria were randomly selected as a control group and invitations were not sent to these users. We kept the control group capped in this way because the ndings from [17] suggest that Teahouse had a positive e ect for newcomers and we wanted to ensure that we minimized the number of new editors who were disadvantaged by our experiment. e nal control group contained a total of 3,092 users. e remaining 11,674 users in the sample received an invitation to the Teahouse from HostBot on their Wikipedia user talkpage.
Measuring retention
In order to measure the e ects that the Teahouse invitation had on retention, we borrowed a retention measurement developed by the Research team at the Wikimedia Foundation called "surviving new editors" [25] . is metric has two terms that can be used to adjust the duration of retention that is being measured: t 2 or the "trial period" and t 3 or the "survival period". ere is also a term m for the number of edits necessary to signal "survival". An editor is considered surviving when there is evidence that the editor was retained during the survival period. By adjusting the trial period, the term of retention can be adjusted. For example, our short-term metric used t 2 = 3 weeks and t 3 = 1 week which means that if an editor saved an edit between 3 and 4 weeks a er they register, they'd be considered "surviving". To explore mid-and long-term retention e ects, we also took measurements at t 2 = 1 month and t 3 = 1 month as well as t 2 = 2 months and t 3 = 4 months.
Gathering this type of long-term data is di cult because it required us to wait over 6 months to complete our analysis, but it is essential for understanding whether or not the Teahouse invitations had the intended e ect on long-term retention. We also compare values of m for 1 edit and 5 edits which represent whether an editor was nominally or substantially active.
To look for di erences between the experimental and control groups, we used a χ 2 test to compare proportions of editors deemed "surviving" at each time scale. Our speci c hypotheses about retention, grouped by minimum activity threshold, are:
H1a: Invitees are more likely to have made 1 or more edits 3-4 weeks, 1-2 months, and 2-6 months a er the invite date than control.
H1b: Invitees are more likely to have made 5 or more edits 3-4 weeks, 1-2 months, and 2-6 months a er the invite date than control.
RESULTS
As Table 1 shows, Teahouse invitees were signi cantly more likely to survive in all 3-4 weeks a er registration (χ 2 = 3.9, df = 1, p = 0.0479, two-tailed) and to have made 5 or more edits between 2-6 months a er registration (χ 2 = 4.6468, df = 1, p = 0.0311, two-tailed). Editors in the experimental group were more than 10% more likely than those in the control to have met the minimum survival threshold in each of these survival windows.
Results from tests of number of edits (1+) between 1-2 months and 2-6 months, and number of edits (5+) between 1-2 months were insigni cant, but they pointed in the same direction. A larger proportion of editors in the experimental group met the minimum survival criteria than those in the control group across all measurement periods. Although these results were not signi cant at 
DISCUSSION
e results of our study demonstrate that intervening early in a new Wikipedia editor's career by presenting them with opportunities for socialization and social support from more experienced editors can increase their likelihood of contributing to Wikipedia over the subsequent weeks and months.
Importantly, the Teahouse is the only intervention of this kind that has been shown to be e ective at increasing new editor retention on English Wikipedia in a controlled study, despite an extensive experimentation with a wide variety of innovative social and technical solutions developed by both Wikipedia community members and the Wikimedia Foundation.
We posit several possible reasons why the Teahouse was e ective where other interventions have failed. First, the Teahouse provides support that is tailored to the new editor's individual needs. Like Adopt-a-User, the Teahouse pairs newcomers with experienced and friendly Wikipedia community members who understand Wikipedia's complexity and the challenges that this complexity presents to new editors. Unlike the Wikimedia Foundation Growth team's experimental UI interventions, which were designed to address speci c, hypothesized needs of brand new editors, the Teahouse is capable of addressing many di erent types of new editor challenges on an ongoing, as-needed basis-even providing them with the opportunity to become Teahouse hosts and support other newcomers once they had established themselves within the community. However, like the Wikimedia Foundation Growth Team interventions, the Teahouse is a scalable solution which can provide support to a large percentage of the new editors who join Wikipedia every day.
Limitations
In this study, we analyzed the e ect of invitation to the Teahouse, rather than participation in the Teahouse. is was both an ethical and a pragmatic decision on our part. Wikipedia is a living system lled with real people with real problems and important work to do, and governance of Wikipedia is shared between the editing community and the Wikimedia Foundation. A true control for the impact of Teahouse participation, as opposed to invitation, would have required either the development and maintenance of a non-Teahouse alternative designed to provide an intentionally de cient experience for new editors, or the introduction of deception within the study design. Either option would have resulted in more discouraged newcomers and involved wasting the time of volunteer Wikipedia contributors.
e study design used here is similar to an 'intention to treat' analysis, commonly employed in clinical trial se ings where it is not possible to ensure that all members of the experimental group will comply with the study protocol [13] . As such, our analysis is inherently conservative, and so is our interpretation of our results.
As only 331 of the editors in the experimental group subsequently participated in the Teahouse during the study period, it is likely that the e ect we observed is at least partially a ributable to the invitation alone. Unlike the new editors in the control group, these newcomers received a personalized welcome message signed by a real Wikipedia editor, in addition to any of the generic, confusing, and o en intimidating messages that they may have received from other Wikipedia editors or bots during this period.
We believe this is actually a validation of the Teahouse approach to new editor socialization. Considering the overwhelmingly negative and alienating experience that most new editors have when they rst join Wikipedia, knowing that you are explicitly invited to participate, and that you have the opportunity to learn positive and useful things about how Wikipedia works and the community behind it, can be powerful motivators to continue contributing in themselves.
Being personally welcomed into a community-in e ect, being labeled a member of the 'in' group-may encourage identity-based commitment to the group, which can increase retention even if the new member has not yet formed strong bonds with other community members [24] . Furthermore, nding help and mentorship opportunities is a perennial struggle for newcomers in open collaborations [27] , and socialization is an ongoing process that extends beyond the initial orientation phase [29] . Making newcomers aware that support opportunities will be available to them when needed may increase their con dence and sense of self-e cacy [15] .
New editors who received a Teahouse invitation were also given the opportunity to 'lurk' on the Teahouse without participating. Lurking has been shown to be a common and e ective mechanism for legitimate peripheral participation in online communities [23] . Invitees who visited the Teahouse and browsed through recent questions pro les would have been able to learn about the background, interests, and experiences of other recent newcomers and experienced editors, witness many examples of positive and productive interactions between new editors and veterans, and potentially found answers to nascent questions they hadn't yet thought to ask-all without making an edit.
In future work, it may be possible to perform a comparative analysis of the experience of active participation in Teahouse-style socialization spaces by taking advantage of pseudo-control conditions that occur naturally in Wikipedia and other open collaborations. On English Wikipedia, such an experiment might involve routing a control group to the Wikipedia Help Desk, a general purpose Q&A forum that is not speci cally designed for new editors and which lacks many of the Teahouse's social and technical a ordances for newcomer socialization.
Next steps
Although most research on new editor experience of Wikipedia, and most Wikipedia research in general, has been performed on English Wikipedia, many of the other Wikipedia language editions have also seen a decline in their active editor populations in recent years. We are not aware of any research that has investigated whether the decline in these Wikipedias is also mediated by a decrease in new editor retention. However, recent interview and survey-based research performed by the Wikimedia Foundation on two mid-sized Wikipedias (Czech and Korean) shows that new editors on these projects face many of the same sociotechnical challenges as those faced by English Wikipedia newcomers [8] .
is suggests that interventions like the Teahouse could be e ective mechanisms for increasing new editor retention on these projects as well.
e majority of editor actions and interactions on Wikipedia result in an edit, and contribution pa erns among new Wikipedia editors exhibit strong regularities across time. We believe that the new editor survival metric we used in this study provides a robust, if conservative, measure of absolute retention across di erent time scales, and recommend its use alongside other appropriate metrics to facilitate meaningful comparison of socialization-focused interventions.
Additional analysis of the factors that mediate the e ect of Teahouse invitation or participation on retention-such as whether the new editor has their edits reverted, receives warning messages, or makes particular types of edits-before or a er invitation, as well as interviews, surveys, and textual analysis of Teahouse questions and answers could help us understand what kind of socialization challenges the Teahouse is most e ective at addressing, and suggest opportunities for additional interventions focused on particular issues that impact retention.
Finally, the e ectiveness of the Teahouse and other similar social support forums could be improved by earlier intervention and be er targeting. Currently, editors are only invited to the Teahouse a er they have made at least 5 edits, and have been registered for at least 24 hours. e delay and edit requirement allow a degree of community ve ing to take place before the decision to invite is made: new editors who exhibit malicious or disruptive behavior are identi ed by the community and ltered out.
is reduces the chances of disruption on the Teahouse itself, and avoids the impression that bad actors are being rewarded for their disruptive behavior.
However, given the steep drop-o in retention rst identi ed by Panciera et al [21] , both the 24 hour delay and the 5-edit threshold likely result in many good-faith newcomers being denied the opportunity for positive socialization. If Wikipedia had a be er way of accurately and e ciently discriminating between good-faith newcomers and vandals a er less time and fewer edits had elapsed, a forum like the Teahouse could provide more new editors with timely and contextually relevant socialization.
A machine learning platform recently developed by the Wikimedia Foundation called ORES (Objective Revision Evaluation Service) 5 provides powerful predictive models that can accurately discriminate between damaging and a non-damaging edits, and between malicious edits and edits that were made in good faith, even if they introduce errors or fail to comply with policies.
ese models could be used to identify promising new editors who are struggling to learn the ropes of Wikipedia and invite them to the Teahouse in nearly real-time, reducing the likelihood that these editors will abandon the community before learning that support opportunities exist.
CONCLUSION
In this study we presented an evaluation of a forum on Wikipedia that is capable of providing a large number of new Wikipedia editors with positive and personalized support at multiple points in their socialization process. We performed a controlled study of the impact of Teahouse invitations on both short-term and longterm new editor retention and found that Teahouse invitations increased retention for both low-and high-activity newcomers in the short term (3-4 weeks), and for high-activity newcomers in the long term (2-6 months). We introduced a robust, exible metric of new contributor survival that can be used in other investigations of Wikipedia new editor activity to facilitate cross-comparison and benchmarking. We presented a discussion of considerations for the design of responsible and e ective interventions (and evaluations) of living open collaboration systems, and highlighted several opportunities for building from and validating the work presented here.
